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Abstract
Cal Poly Supermileage is a student-run engineering club who builds prototype gasoline vehicles
designed with the goal of maximum fuel-efficiency. To power their vehicles, the Supermileage team
makes use of single-cylinder, 4-stroke, electronically fuel-injected (EFI) gasoline engines. This
report details the development, iterative design & test cycles, and integration of an EFI system for
the Supermileage club. The EFI system interfaces to the most common types of sensors found in
the low-power Supermileage range of engines, including throttle-position sensors, manifold absolute
pressure sensors, gear-tooth hall-effect sensors, variable-reluctance position sensors, engine coolant
temperature sensors, intake air temperature sensors, and exhaust oxygen sensors. This system
also control engine actuators, including inductive ignition coils and fuel injectors. To ensure the
success of EFI system integration into the Supermileage vehicle, the current vehicle communication
and electrical power systems are incorporated into this system’s design. In order for the club to
test their vehicle properly and implement a data-acquisition system, the EFI system communicates
current sensor data, fuel map information, and any software-detected errors.
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Chapter 1
Introduction
Electronic fuel injection (EFI) technology allows for electronic control of the amount of gasoline
entering into an internal combustion engine’s cylinder. The technology first emerged in 1957 out
of Bendix Corporation [1]. The forces of market competition caused the technology to go through
several upgrades and revisions (through the forces of market competition), including Bosch’s D-
Jetronic, K-Jetronic, and L-Jetronic systems, multi-port injection, and direct-cylinder injection [1].
Each new technology has resulted in improved engine efficiency and performance, but also has
increased system complexity.
Prior to electronic fuel injection systems, the carburetor performed the fuel quantity control role.
While carburetors are simple, reliable, cheap, and easily maintainable, they cannot provide opti-
mization for all possible engine states (rotational speed and volumetric induction loading). Thus,
carburetors often limit engine power/efficiency. Due to excess fuel wasted during some of the in-
ternal combustion cycles performed by the engine, carburetors emit greenhouse gases at higher
rates than fuel injected engines [2, 3]. Moreover, most carbureted fuel systems do not have any
form of electronic ignition timing control, which further prevents engine optimization. As a result,
performance and efficiency suffer.
Over the past few decades, the rapid rise of microelectronic technology coupled with similar ad-
vances in software development have drastically reduced the cost and knowledge-barrier associated
with EFI systems [1]. As a result, the aftermarket engine control unit (ECU) market emerged
over the past couple of decades. Car enthusiasts and amateur racers can now purchase advanced
fuel injection systems - such as the Megasquirt Do-It-Yourself EFI Controller series [4–6] - at an
affordable price.
Cal Poly Supermileage is student-run club on campus who designs fuel efficient vehicles for the
annual Shell Eco-marathon competition. To power their cars, Supermileage uses four-stroke, single-
cylinder, gasoline internal combustion engines in the 50 cubic-inch or less range. As discussed above,
EFI technology provides higher levels of performance and efficiency than carburetor fuel system
technology. However, the majority of the engines Supermileage purchases come carbureted off the
shelf. When Supermileage purchases a stock-carbureted engine, they convert the engine to EFI
7
by means of swapping out the intake air manifold to an EFI-compatible one, adding additional
sensors, installing fuel injectors and ignition coils, and connecting all of these components to an
engine control unit (ECU). The scope of the following project involves building and connecting the
ECU of an EFI system for the Cal Poly Supermileage club. During this process, I test all sensors
and actuators (including ignition coil drivers [7]) of the system as well.
The next three chapters of this report detail the planning phase of the project, formulated during
the Electrical Engineering EE460 course. Subsequent chapters feature prototype design and testing,
printed circuit board (PCB) design and testing, Supermileage vehicle integration, and finally a few
notes for possible future PCB revisions.
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Chapter 2
Project Planning
The following chapter begins with descriptions of the initial project scope, marketing requirements,
engineering specifications, functional decomposition of the EFI System (including a system block
diagram and level 1 diagram). The chapter concludes with an estimated project timeline and a
cost estimation.
2.1 Customer Needs
The main customer for my project is the Cal Poly Supermileage club. The following bullets list
some of the specific needs of the Cal Poly Supermileage report:
• A standalone electronic fuel injection system, responsible for interfacing between and control-
ling single-cylinder, 4-stroke, gasoline-powered engines.
• A tunable user-interface, responsible for displaying real-time sensor information as well as
performing background data-acquisition for vehicle analysis.
• A mountable enclosure for all EFI electrical hardware, preferably as small and lightweight as
possible.
• A neat and tidy wiring harness connecting any sensor, power, and ground wires necessary for
the EFI system to connect to the Supermileage vehicle and engine.
After review of the 2014-2015 Supermileage vehicle’s electrical build, the Supermileage derived these
needs in attempt to fix some of the issues uncovered. In the 2014-2015 vehicle, the Megasquirt EFI
system [5]) in the Supermileage vehicle includes excess and unused functionality. Moreover, the
bulky and heavy EFI system slows the car down (added weight). The haphazard wiring confuses
club members who have to use it. This project keeps the existing functionality Supermileage already
has with the 2014-2015 EFI system, but makes it smaller, reduces its complexity, and integrates it
much more cleanly into the car.
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2.2 Requirements & Specifications
The first section of requirements and specifications handle how the EFI system controls the engine,
including interfacing to sensors, interfacing to actuators, and running embedded code to control
their interaction. The main set electronic components on a single-cylinder, 4-stroke, gasoline pow-
ered engine dictate the requirements and specifications of this project. Also, the EFI system must
handle a wide variety of engine components, as Supermileage may switch to a different engine some-
time in the future. For example, the ignition driver circuit must adjust enough to actuate several
different kinds of spark ignition coils but also provide enough tune-ability to optimize the energy in
the ignition coil [3]. The specifications list the most common sensors and actuators, because these
handle the majority of possible engines Supermileage could buy. Also, most engine control units
(ECU), like the Microsquirt ECU [4], have input and output pins dedicated to these listed sensors
and actuators. The next main set of requirements and specifications come from integration into the
main Supermileage vehicle. The EFI system integrate into existing communication networks and
power topologies in the Supermileage vehicle, to keep the vehicle’s electrical systems at a minimum
of complexity. The last set of requirements and specs derive from the need to analyze data from
and tune the engines controlled by the EFI system. Supermileage needs the ability to tune their
engines. The ability to display this information to the user and allow for editing on the EFI system
allows Supermileage to tune their engines for maximum fuel efficiency. The most challenging part
of the project occurs during the engine integration process, when the ECU first interfaces to an
actual engine (and not a lab bench simulator). Table 2.1 lists the marketing requirements - derived
from the Customer Needs section.
Table 2.1: Cal Poly Supermileage EFI System Marketing Requirements
Number Marketing Requirement
1
Supermileage needs an electronic fuel injection (EFI) system capable of
controlling 4-stroke, single-cylinder, gasoline powered engines.
2 Must tune any engines interfaced with it.
3
The system must data-log, store for post-analysis, and externally com-
municate all sensor data, fuel mapping data, and other critical engine
data.
4
The system needs an easily connectible and disconnectible wiring har-
ness installed in the Supermileage vehicle.
5 Must fit inside the rear hatch of the Supermileage vehicle.
6
Must interface to the vehicle’s existing electrical communications and
power architectures.
All marketing requirements must fulfill an engineering specification. Table 2.2 displays the engi-
neering specification developed for the project, with the marketing requirements met listed on the
leftmost column of the table. The marketing requirement numbers referred to are those declared
in Table 2.1.
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Table 2.2: Cal Poly Supermileage EFI System Engineering Specifications
Marketing
Require-
ment Met
Engineering Specifications Justification
1 The system must interface to analog
[0-5 V] automotive manifold absolute
pressure (MAP) sensors.
At minimum, an EFI system control-
ling a 4-stroke gasoline engine needs
these sensors to function.
1 The system must interface to ana-
log [0-5 V] throttle-position sensors
(TPS).
1 The system must interface to digital
[0-5 V] hall-effect position/speed sen-
sors.
1 The system must interface to analog
[voltage varies] variable-reluctance
(VR) position/speed sensors.
1 The system must interface to ana-
log [0-5 V] negative-temperature-
coefficient thermistor temperature
sensors.
1 The system must interface to ana-
log [0-5 V] wide-band exhaust oxygen
(O2) sensors.
1 The system must interface to one in-
ductive ignition coil and have an ad-
justable dwell time setting.
In order to start / run / make an en-
gine move, the EFI system needs to
actuate an inductive spark coil. The
adjustable dwell time ensures the EFI
system can interface to multiple dif-
ferent kinds of inductive ignition coils.
1 The system must interface to one
high-impedance fuel injector and con-
trol its fuel pulse duration.
1 The system must contain a microcon-
troller unit (MCU). The MCU must
perform embedded engine control al-
gorithms, communicate over the re-
quired communication buses (see re-
quirements below), and store neces-
sary data (see requirements below).
This level of complexity requires a
digital-based solution. An analog
controller cannot interface to all of the
required sensors and cannot provide
the same level of precision as a com-
parable digital system.
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3 The system must data log sensor data
and internal calculations. The system
must store them in a format compat-
ible with the Supermileage clubs post
data analysis system.
For testing and tuning purposes, post
data analysis is critical. Storing cap-
tured data ensures data comparison
can occur.
3, 6 The system must communicate cap-
tured sensor data and internal calcu-
lations in real time over CAN and se-
rial communication buses.
For testing and debugging purposes,
real-time sensor data provides invalu-
able insight to the system’s users.
2, 3 The system must provide a fuel map
tuning interface.
A software tool allows for control all
of the tuning parameters and sensor
calibration for an EFI system.
5 The system must fit into an enclosure
small enough to fit into the rear en-
gine hatch of the Supermileage vehi-
cle.
The EFI system must situate in the
back hatch to decrease wiring dis-
tances (the rear hatch) holds the en-
closure), as well as to make room for
the driver in the front hatch. Super-
mileage provides exact dimensions,
but has not determined them at the
time of this writing.
4 The system must have a wiring har-
ness interface between the engine
actuators, engine sensors, battery
power, and communication systems in
the Supermileage vehicle.
A well-organized wiring harness pre-
vents future headaches and saves sig-
nificant time debugging problems and
hassling with loose cables.
4 The system wiring harness and en-
closure must disconnect and remove
from the Supermileage vehicle in less
than two minutes. A member of the
Supermileage club must perform the
removal test.
Supermileage needs to take every
component out of the car quickly and
efficiently.
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Table 2.3 displays a schedule of major deadlines. It gives a rough estimate of the project’s planned
schedule throughout the course of the 2015-2016 school year. The project timeline develops further
in the Gantt Chart Section.
Table 2.3: Cal Poly Supermileage EFI System Deliverable Dates
Delivery Date Deliverable Description
2/1 Design Review
3/1 EE 461 demo late quarter
3/15 EE 461 report late quarter
5/20 ABET Sr. Project Analysis
5/27 Sr. Project Expo Poster
6/6 EE 462 Report
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2.3 Functional Decomposition
This section details the functional breakdown of the Cal Poly Supermileage Electronic Fuel Injec-
tion system. First, a block diagram consisting of inputs and outputs of main signal, power, and
informational flows appears. The level 1 block diagram further decomposes this block diagram into
further sub-blocks with more specialized functionality.
2.3.1 Level 0: Block Diagram
Figure 2.1 displays the system block diagram for the Supermileage EFI system. The inputs consist
of battery power and various engine sensor inputs, while the outputs consist of high power engine
actuator outputs and visual illumination in the form of LEDs. The EFI system communicates via
the Controller Area Network (CAN) and serial bus exist as bidirectional signals, since the EFI
system both sends and receives data over them.
Figure 2.1: Functional block diagram for the Cal Poly Supermileage Electronic Fuel Injection sys-
tem.
Table 2.4 summarizes the information in the block diagram and explains the overall system func-
tionality.
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Table 2.4: Cal Poly Supermileage EFI Functional Requirements
Functional
Require-
ment
Description
Inputs
Battery Power (10-14 V)
Manifold Absolute Pressure (MAP) Sensor (05 V)
Manifold Air Temperature (MAT) Sensor (05 V)
Engine Coolant Temperature (ECT) Sensor (05 V)
Throttle Position Sensor (TPS) (05 V)
Oxygen (O2) Sensor (Analog: 0-5 V, Power 10-14 V)
Tachometry (Tach) Sensor (05 V)
Camshaft Position (CAM) Sensor (0-5 V)
CAN Bus (1.5V3.5 V)
RS232 Serial (-5 to 5 V)
Outputs
Ignition Output (012 V)
Fuel Injector Output (012 V)
LEDs (Red, Yellow)
CAN Bus (1.53.5 V)
RS232 Serial (-5 to 5 V)
Functionality
The Supermileage EFI system interfaces to sensors and actuators on a four-
stroke, single-cylinder, gasoline-powered engine. It runs on battery power and
communicates on the Supermileage vehicle’s CAN bus as well as a USB port.
The system reads the engine sensors and uses engine control algorithms to
calculate fuel pulse duration once per engine cycle. It actuates the engine’s
ignition system and fuel injector to keep the engine running and produce torque
on the output crankshaft. While performing the engine control, the EFI system
also communicates requested data and calculations to external systems. These
external systems display the information in real time as well as provide a data
logging and data analyzation capability. Both the EFI system and described
external system provide a way for the Supermileage team to run, test, and
tune their engines.
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2.3.2 Level 1 Decomposition
The level 1 diagram breaks the block diagram into further sub-blocks with more detailed func-
tionality [8]. For the EFI system, the level 1 blocks consist of the Engine Control Unit block, the
Tachometery Circuit Selection block, the Ignition Driver Circuit block, and the LED block. Figure
2.2 shows how the level 1 blocks connect together as well as how the system inputs and outputs
connect to the various blocks.
Figure 2.2: Level 1 diagram for the Cal Poly Supermileage Electronic Fuel Injection system.
The Engine Control Unit (ECU) functions as the main ”brain” of the EFI system, where all of the
real-time fuel and control system calculations occur. Table 2.5 describes the functionality of the
ECU block in Figure 2.2.
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Table 2.5: Engine Control Unit Functional Decomposition
Module Engine Control Unit
Inputs
Battery Power (10V-14 V)
Manifold Absolute Pressure (MAP) Sensor (0-5 V)
Manifold Air Temperature (MAT) Sensor (0-5 V)
Engine Coolant Temperature (ECT) Sensor (0-5 V)
Throttle Position Sensor (TPS) (0-5 V)
Oxygen (O2) Sensor (Analog: 0-5 V, Power 10-14 V)
Digital Tachometer Sensor (0-5 V)
Analog Tachometer Sensor (0-5 V)
Camshaft Position (CAM) Sensor (0-5 V)
CAN Bus (1.53.5 V)
RS232 Serial (-5 to 5 V)
Outputs
Ignition Signal (05 V)
Fuel Injector Output (012 V)
LED Signals (0-5 V)
CAN Bus (1.53.5 V)
RS232 Serial (-5 to 5 V)
Functionality
The engine control unit contains the central functionality of the Supermileage
EFI system. It handles all of the sensor inputs, engine actuator outputs,
data-acquisition and logging, and communication I/O of the EFI system. The
core of the Engine Control Unit is the microcontroller unit (MCU). On the
MCU, embedded algorithms process sensor input signals and translate them
to engine actuation outputs. All sensors have noise rejecting and signal condi-
tioning circuits interfacing them to the MCU, while engine actuation outputs
have built in driver circuits stepping up the voltage and current capabilities
of the circuit from the weaker MCU specifications. The MCU data-logs and
communicates in real-time all sensor values and internal calculations the user
specifies, providing immediate system feedback and as well as post data ana-
lyzation capability. The user specifies whether the communication occurs over
CAN, over RS232 serial, or both.
The tachometer signal allows the ECU to determine speed and position. Both analog and digital
tachometer signals can come from an engine’s speed and position sensor circuit. The ECU circuitry
must handle them differently, and therefore an external switch must select the appropriate circuit
to the current engine configuration. Table 2.6 describes the functionality of the Tachometer Signal
Selection block in Figure 2.2.
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Table 2.6: Tachometer Selection Functional Decomposition
Module Digital or Analog Tachometer Sensor Selection
Inputs Tachometry (Tach) Sensor (0 5V)
Outputs
Digital Tachometer Sensor (0 5V)
Analog Tachometer Sensor (0 - 5V)
Functionality
Choose whether the incoming tachometry (rotational speed and position) sig-
nal derives from analog or digital sources. The ECU has different circuits on-
board for digital-based signals and analog-based signals, but the Supermileage
EFI system has only one tachometry input to cut down on wire harness com-
plexity. This block takes care of switching to the appropriate circuit. The user
manually selects the appropriate circuit based upon their particular engine’s
configuration.
The ignition driver circuit connects the lower power microcontroller-based signal to the high power
and 12V ignition coil. Table 2.7 describes the functionality of the Ignition Driver Circuit block in
Figure 2.2.
Table 2.7: Ignition Driver Functional Decomposition
Module Ignition Driver Circuit
Inputs Ignition Signal (0 5V)
Outputs Ignition Output (0 12V)
Functionality
The ignition driver circuit ensures the EFI system can produce inductive igni-
tion spark events at an engine cylinder’s spark plug. It must accept a 0V or 5V
digital signal coming from the microcontroller unit, which turns the driver cir-
cuit on and off. The ignition driver circuit must sink up to 10A of continuous
current to ensure interfacablity to all possible ranges of engine ignition coils.
Also, the ignition driver circuit must handle a large flyback voltage when the
high current shuts off quickly [7]. An example of a device meeting these specs
is the Fairchild Semiconductor ISL9V5036P F085 self-clamping IGBT [9]
The LEDs provide instantaneous feedback in the form of light to the user. Table 2.8 describes the
functionality of the LED block in Figure 2.2.
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Table 2.8: LEDs Functional Decomposition
Module Red and Yellow LEDs
Inputs
LED Signals (0 - 5V)
Battery Power (10V - 14V)
Outputs LEDs (Red, Yellow)
Functionality
LEDs display instantaneous feedback to the user. In the case of the EFI sys-
tem, a massive data log produced with every run. By just viewing the logged
data, the user can have difficulty in ascertaining microcontroller firmware be-
havior (for example, the current state of a state machine). LEDs also provide
a useful way to alert the user. The battery voltage powers the high side of the
LEDs, and the bottom side sinks into the ECU, which turns off and on the
current per the programmed firmware.
2.4 Gantt Chart
As part of the EE460 Senior Project Planning course, I developed the project plan schedule for the
EFI project. Figure 2.3 displays the project plan Gantt Chart. The schedule contains two rounds
of prototyping and PCB development, allowing for adequate testing and verification time. The
wiring harness and enclosure designs do not start until the finalization of the PCB because these
steps rely upon a finalized design of the PCB. The total number of days for all project processes
totals 764, disregarding the starred project milestones.
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2.5 Cost Estimate
This section estimates the EFI project’s costs, ensuring adequate procurement of required funds
for the EFI project. Equation (6) from chapter 10 of Ford and Coulston’s design book provides a
reasonable estimate of each item’s true cost [8]. This equation combines the average of optimistic,
most likely, and pessimistic cost estimates. Equation 2.1 shows this cost estimation.
Cost =
costoptimistic + 4costmost likely + costpessimistic
6
(2.1)
The cost estimate procedure averages cost for every item and task predicted for the Supermileage
EFI system. Table 2.9 tabulates this process. All costs include any applicable tax and shipping
cost procured during the ordering process.
Table 2.9: Calculated cost estimations for each item and task in the Supermileage EFI project
Item/Task Pessimistic
Cost
Most
Likely
Cost
Optimistic
Cost
Calculated
Cost
Microsquirt Module $280.00 $298.00 $315.00 $297.83
Prototyping Parts $20.00 $50.00 $80.00 $50.00
PCB Parts $10.00 $30.00 $45.00 $29.17
PCB Fabrication $50.00 $60.00 $80.00 $61.67
Enclosure Fabrication $40.00 $80.00 $150.00 $85.00
Wiring Harness $30.00 $40.00 $100.00 $41.67
Labor (per hour) $25.00 $28.00 $35.00 $28.67
The Microsquirt Module provides an expandable base EFI system but cannot fully function as an
EFI system off the shelf. External, custom circuits add the remaining functionality. This project’s
overall goal implements an EFI system off Microsquirt’s base functionality. Project circuit parts
include both prototyping and PCB parts. The PCB parts cost less than the prototyping parts.
During the prototyping process, several options for each functionality block (see Figure 2.2) are
considered, but only one option ultimately arrives on the final PCB. The company Advanced
Circuits performs any PCB Fabrication for the project, as they sponsor the Supermileage team.
The cost is $33.00 for each 2-layer board fabricated, with the shipping price unknown until order
time (estimated in the above table). The enclosure and wiring harness costs need a fair margin
of safety built in, to account for the fluidity of design of Supermileage vehicle. Necessary last
minute changes in the vehicle may result in a rebuild of the wiring harness and enclosure at the
last minute. My personal and my friends’ wages at various internships form the basis of the labor
cost approximation.
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Table 2.10 includes line item quantity and projects the total cost of the EFI system.
Table 2.10: Estimated costs for the Supermileage EFI project
Item/Task Quantity Cost per Unit Total Price
Microsquirt Module 1 $297.83 $297.83
Prototyping Parts 2 $50.00 $100.00
PCB Parts 2 $29.17 $58.34
PCB Fabrication 2 $61.67 $123.34
Enclosure Fabrication 1 $85.00 $85.00
Wiring Harness 1 $41.67 $41.67
Labor (per hour) 1528 $28.67 $43808.00
Total Part Cost: $706.18
Total Labor Cost: $43808.00
Total Cost: $44514.18
The project Gantt Chart (Figure 2.3) accounts for two rounds of prototyping design and PCB
design, so there exists two orders for prototyping parts, PCB parts, and PCB fabrication. Every
other item only consists of one part. The total number of days (listed in the Gantt Chart Section)
determines the number of total labor hours, with approximately 2 hours per day dedicated to
working on the project.
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Chapter 3
Prototyping
After devising the project plan, the project entered the prototyping stage. The Supermileage team
purchased the Microsquirt Module along with the following general prototyping supplies:
• Electrical perfboards
• Screw terminal blocks
• Breadboard-sized solid core wire
• Male and female header pins
• General purpose, 1/4W resistors, of many component values
• General purpose ceramic capacitors, of many component values
After designing the first initial test circuits (more details in the Design section below), I ordered
the following specialized ICs and electrical components:
• ISL9V5036P3 F085 [9], and ignition coil IGBT
• OVLBR4C7 [10], red LED
• OVLBY4C7 [10], yellow LED
• LVR03R0100FE70 [11], 100 mΩ, high-current shunt resistor
The prototyping supplies and specialized electrical components resulted in the creation of the first
prototype on a perfboard. From there, testing ensued to validate design choices and discover any
errors. This process is further documented in the Testing section below.
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3.1 Design
3.1.1 Protoboard Circuits
The prototype perfboard interfaces to the Microsquirt Module, pictured below in Figure 3.1. The
Microsquirt Module provides an expandable base EFI system but cannot fully function as an
EFI system off the shelf. External circuits must add the remaining functionality. I followed the
Microsquirt Module’s Hardware Guide [4] to determine the proper pin connections between the
prototype perfboard and the Microsquirt Module.
Figure 3.1: Stock image of Microsquirt Module.
Source: http://www.microsquirtmodule.com/micromodule V2.2 front.jpg
The additional circuits added during this prototyping stage are the ignition coil circuit, hall effect
pullup resistors, and red/yellow LEDs. The following sections elaborate further on these individual
circuits.
Ignition Circuit
The Microsquirt Module provides a logic-level, low power ignition coil signal. An additional driver
circuit must interface this signal to an internal combustion engine’s ignition coil. The target engines
Supermileage makes use of are controlled by the inductive engine ignition phenonmenon. Thus,
this driver must handle up to high current loads (10A for Supermileage’s purposes is adequate) for
moments of 4 to 5 milliseconds at a time [7]. After researching solutions to this design challenge,
Fairchild’s ISL9V5036P F085 N-Channel Ignition Driver [9] met the required specifications. This
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series of ignition drivers are purpose designed to control an engine ignition coil. Please see the
circuit next to the label ”Ignition Coil” in Appendix B: Schematic for a schematic.
Hall Effect Pullup Resistor
Supermileage’s engines contain crankshaft speed and position hall effect sensors. They emit a
high/low logic level signal depending on the current position of the engine’s crankshaft. These
aftermarket sensors are generally open-drain and thus need a pullup resistor to drive the signal up
to the positive voltage rail (+5V in this specific case). Additionally, a CAM shaft position sensor
pullup resistor provides a similar capability for CAM shaft position sensors, although Supermileage
does not have engine with such a sensor (feature left for future expandability). Both hall effect
pullup resistors were chosen at the value of 3.3 kΩ. View Appendix B: Schematic for a detailed
schematic of this sensor conditioning circuit (Note: the resistor values are to 1 kΩ on the schematic,
more on this change in the Testing section).
LEDs
The Microsquirt Module contains two output logic level outputs intended for visual illumination
with LEDs. One signal notifies the user if the software is currently running a warmup enrichment
algorithm - I chose to map this signal to a red-colored LED. The other signal notifies the user if the
software is currently running a TPS-based acceleration algorithm - I chose to map this signal to a
yellow-colored LED. These outputs are designed to sink current, so the LEDs were attached to the
12V (battery voltage) rail and connected with 1 kΩ resistors to the Microsquirt Module outputs.
The Optek OVLBx4C7 [10] series LEDs provide both the red and yellow LED for the project. See
Appendix B: Schematic for the exact LED schematic.
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3.1.2 Protoboard Layout
To combine all of these circuits and connect the remaining inputs to the Microsquirt Module, I
soldered and constructed a perfboard containing all necessary connections. 25x2 male header pins
provide the hardware interface between the Microsquirt Module output female headers and the
perfboard. Screw-in terminal blocks allow external wires to securely fasten to the board. The
perfboard also contains the three circuits described above. Figure 3.2 shows the perfboard in its
final completed form.
Figure 3.2: Final version of the prototype perfboard.
Figure 3.3 displays the bottom side of the perfboard, with the Microsquirt Module plugged into it.
Figure 3.3: Underside of the prototype perfboard, with the Microsquirt Module attached.
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3.2 Testing
Upon successful assembly of the prototype perfboard, the next step in the project involved system
and circuit validation.
3.2.1 Setup
Rather than immediately attempt to wire this protoboard to an engine, I first connected it to
an electrical engine simulator. This decision allows for proper electrical and software testing,
preventing any potential troubles with integrating the full mechanical engine system from occurring.
Engine Simulator
The Jim Stim engine simulator allows for electrical and computer software testing of a Megasquirt
based EFI system. It contains a trigger wheel decoder for simulating various tachometry configura-
tions, potentiometers to simulate analog sensor values, and several terminal jumper pins providing
additional engine setups. Figure 3.4 shows an image of the Jim Stim engine simulator.
Figure 3.4: Stock photo of the Jim Stim engine simulator.
Source: https://www.diyautotune.com/wp-content/uploads/jimstim-c3-600x600.jpg
Once again, the Supermileage club funded this component of the project.
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Wiring
Upon successful assembly of the Jim Stim, the next step involved wiring it up to the Microsquirt
Module perfboard. I followed the general Jim Stim setup instructions [12] to properly wire and
configure the Jim Stim firmware to simulate an engine similar to Supermileage’s Yamaha XF50
and Honda GX35. The Wheel Mode was set to ”12-1” mode with a 5V open-drain drive. After
following the guide to completion, the test setup resulted in the image in Figure 3.5.
Figure 3.5: Prototype board and Jim Stim engine simulator test setup.
The switch connects a 12V power supply to the prototype board and Jim Stim. The two serial
wires from the prototype board go to an RS-232 to USB converter, which connects the Microsquirt
Module’s firmware to Megasquirt’s computer based tuning system, Tuner Studio. The remaining
wires running from the Jim Stim to prototype board simulate engine sensors and actuators listed
in Figure 2.1.
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Tuner Studio
Megasquirt EFI’s go-to guided-user-interface, tuning platform, real-time data display, and config-
uration manager is the Tuner Studio software. It provides all of the means for configuring any
Megasquirt system’s onboard firmware to the exact engine specifications required. The MSExtra
community provides a thorough guide [6] on how to properly configure the software for any sort
of engine conditions. Figure 3.6 displays Tuner Studio running on a laptop while connected to the
test setup described above. Watching the real time data feed from the Microsquirt Module allows
for the user to ensure the system’s proper operation.
Figure 3.6: Tuner Studio software showing the Microsquirt Module’s real-time data stream.
3.2.2 Errors Discovered
After getting the software and hardware test setup finalized and working, an examination for
mistakes began. An error with the hall-effect pullup resistors emerged immediately: the hall effect
pullup resistor’s value (3.3kΩ) was too large. It could not provide enough current to adequately
drive the Microsquirt hall effect circuit [4] consisting of an opto-isolated switch. Fortunately, the
Jim Stim provides 1 kΩ pullup resistors on the tachometer output signals. After desoldering the
3.3 kΩ pullup resistors from the protoboard and adding a jumper pin to the Jim Stim’s board (and
thereby electrically attaching its 1 kΩ pullup resistors), the tach signal operated correctly. During
the next stage of the project, the hall effect pullup resistors were changed to a 1 kΩ value.
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Chapter 4
Printed Circuit Board
This section documents the design and testing of the EFI system’s printed circuit board (PCB).
4.1 Design
To turn the prototype perfboard design into a PCB, the help of an electronic computer-aided design
program (ECAD) is required. Cadsoft, one of Supermileage’s sponsors, supplied a professional
version of their ECAD program EAGLE during this stage of the project. Both schematic and
board layout design were performed in the EAGLE software suite.
4.1.1 Schematic
The same circuits and connections from the Prototyping chapter transfer directly into the PCB,
save for the resistor correction discussed in the Errors Discovered section above. A 23-pin TE Con-
nectivity Ampseal connector [13] interfaces the EFI system to the engine’s actuators and sensors as
well as battery power. Controller Area Network (CAN) signals run through both a DB-9 connector
(a standard for CAN) and an RJ45 connector for interfacing to Supermileage’s Race Capture data
acquisition system. RS-232 serials pass through a DB-9 connector for use with an RS-232 to USB
converter. A set of electrical test points provide easy testability of all electrical signals in the EFI
system. The PCB also adds two additional circuits that did not exist on the prototype perfboard:
1. One current-measuring shunt resistor, a Vishay LVR03R0100FE70 [11], runs in series with
the ignition coil IGBT. Two test points exist on either side of it for measuring the dwell time
of the engine’s ignition coil. Jumper pins allow the user to bypass this resistor if desired.
2. The speed sensor input has a selective set of jumper pins - one route takes it to the Analog/VR
Microsquirt Module inputs, while the other route puts the signal into the Digital/Hall-effect
Microsquirt Module inputs. This feature adds expandability for future engines Supermileage
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may want to make use of (see Figure 2.2 and Table 2.6).
EAGLE’s new-device generation functionality allows for the addition of new components. After
creating appropriate devices for each component, I placed all of them on the schematic. Logically
connecting these components together formed the first PCB revision’s schematic (Appendix B:
Schematic). To view all the required components, including mounting hardware, please see Bill of
Materials in Appendix D: Bill of Materials.
4.1.2 Layout
After a design review with Dr. MacCarley, I proceeded with designing the physical layout of
the PCB. When designing a PCB, the PCB designer must consider the target manufacturer’s
required specifications. Advanced Circuits, another one of Supermileage’s sponsors, offers free
PCB manufacturing to the club if the boards meet specific tolerances [14]. After entering these
limitations into EAGLE’s Design Rule Check editor, the board’s design process proceeded.
I used the Saturn PCB Design Toolkit [15] to calculate the high current trace widths. Beyond
trace widths, the only other design limitations revolved around the Microsquirt Modules header
pins location and the 4-40 mounting hole locations (Figure 3.1). Appendix C: PCB Silkscreen hosts
the resulting PCB silkscreen from this process.
4.1.3 PCB Manufacturing
Next, EAGLE generated the PCB’s gerber files (output files for PCB manufacturing). I uploaded
them to the Advanced Circuit’s website for further processing and validation.
RJ45 Connector Footprint Issue
Advanced Circuit’s FreeDFM (design-for-manufacturing) software detected one error: the footprint
of the RJ45 connector had solder too close to a hole. They offer an option for them to automatically
trim the solder back to tolerance. I went with this option after examining the fault and observing
this fix would not affect any necessary electrical connections.
Advanced Circuits promptly manufactured the boards with this fix and shipped them to Cal Poly.
At the same time, I ordered all necessary components in the BOM (Appendix D: Bill of Materials).
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Board Assembly
Upon receiving the newly manufactured boards, PCB assembly immediately began. All components
fit properly (a few of the component footprints could use slight revision, see the Future Revision
Recommendations chapter) and soldering was successful. 5/8 inch long 4-40 spacers fit in between
the Microsquirt Module and the PCB, with 3/4 inch long 4-40 bolts and 4-40 nuts securing the
assembly together. Figure 4.1 and Figure 4.2 show the results post-assembly.
Figure 4.1: Top view of the assembled PCB.
Figure 4.2: Bottom view of the assembled PCB, with the Microsquirt Module inserted.
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4.2 Testing
Testing of the newly assembled PCB first involved the Jim Stim engine simulator and then moved
to one of Supermileage’s backup engines, a Honda GX35.
4.2.1 Engine Simulation
In a similar arrangement to the Prototype Testing engine simulation, a series of wires connects the
PCB and the Jim Stim together. The Jim Stim’s potentiometers simulate analog sensor values and
its firmware simulates a wide variety of speed tachometer scenarios. To the Microsquirt Module,
all of these signals appear as though an actual engine is running. It communicates out all relevant
data over the RS-232 serial connection to a laptop running the Tuner Studio software as well as
out over the CAN bus.
Errors Discovered
A few minor errors were discovered at this stage, but none of them required a major overhaul or a
second board revision. The mistakes are listed and explained below:
• DB9 connector spacing - the two DB9 connectors, one for CAN and one for RS-232 serial,
are too close together and attaching cables to each connector at the same time is difficult to
accomplish.
• IGBT copper heat sink - the ignition circuit IGBT comes in a TO-220 package with its
collector attached to the metal tab. The PCB does not have a copper plated heat sink for
this tab. While this is not absolutely necessary, it does help immensely with heat dissipation.
• Over-sized shunt resistor package - the ignition control shunt resistor’s footprint was over-
sized. The resistor lead length allowed for the part’s secure attachment and soldering, but in
a future revision this part footprint should be revised.
Further minor errors and recommended-fixes are discussed in the Future Revision Recommendations
chapter.
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4.2.2 Honda GX35
Due to the Yamaha XF50 engine’s lack of availability (dynamometer tuning was currently under-
way) after the engine simulation testing finished, the next phase of testing involved the Honda
GX35 engine. The following list displays the Honda GX35’s technical specifications:
• 35 cc displacement
• 4-stroke, single-cylinder, internal combustion
• Peak power of 1.3 horsepower
• Comes carbureted stock from the factory
A previous effort from the Supermileage team involved converting this engine to fuel-injection by
purchasing an EcoTrons [16] aftermarket kit. The engine control unit originating with the kit was
discarded aside and the new Microsquirt-based system wired to it.
All of the engine sensor and actuator wires connect into the PCB’s 23-pin connector (so only crimp-
ing and wire harnessing was required). Members of the Supermileage helped set up a temporarily
fuel pressure system. One of Supermileage’s 12 V lithium-ion batteries provided power to the en-
tire test rig. Tuner Studio running on a laptop and connected to Microsquirt allowed for software
configuration and real time data display. Figure 4.3 shows all of this test configuration.
After configuring and setting up this test for a few hours, the engine started successfully. No
components were damaged, and nor did any fail after 10-15 minutes of the engine running. With
this success, it was now time to install this project into the Supermileage vehicle.
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Figure 4.3: Honda GX35 test setup, including 12 V battery (left), EFI system (right), Honda
GX35 engine (middle), and gasoline fuel system (top right).
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Chapter 5
Supermileage Vehicle Integration
This chapter documents the integration of the newly fabricated, assembled, and tested PCB system
into the 2015-2016 Supermileage vehicle.
5.1 3D-Printed Enclosure
A member of the Supermileage team (see Acknowledgements) designed an enclosure for the EFI
system. EAGLE’s intermediate file (IDF) capabilities output mechanical files for use with mechan-
ical CAD software. These files were imported into Solidworks and a plastic enclosure was designed
around its shape. Figure 5.1 shows a computer-rendered image of the expanded enclosure.
Figure 5.1: Exploded view of the EFI system and its 3D-printed enclosure.
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Some of the enclosure’s features include a plastic walls, removable lid, aluminum plate underside
(for heat dissipation), and clear acrylic top. A 3D printer created the plastic walls and the rest was
assembled by hand.
5.2 Relay & Fuse Board
The fuse and relay board interfaces the EFI system to the Supermileage vehicle’s battery power
and steering wheel buttons. It contains fuses to safely limit the current passing through circuits
such as the ignition coil and fuel injection. Its relays also control all electrical power flow, allowing
for safety features such as engine start and kill buttons as well as emergency shutdown levers.
Appendix E: Supermileage Vehicle Electrical Diagram displays the logical connections between
all electrical components in the Supermileage vehicle, including the fuse and relay board and the
Microsquirt EFI system. Figure 5.2 shows the relay and fuse board after its initial construction
and before installation into the Supermileage vehicle.
Figure 5.2: 2015-2016 Supermileage fuse and relay board.
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5.3 Installation Into Vehicle
With the fuse and relay board constructed, only one more step remained: installing it into the
Supermileage vehicle. The 2015-2016 Supermileage vehicle contained a removable engine plate
designed for easily accessibility. Since this plate hosts the Yamaha XF50 engine, the fuse and relay
board was also installed onto it, via two 1/4-20 bolts, nuts, and washers. The 12 V battery, the
Race Capture data-acquisition system, and the front steering wheel harness all plug into the fuse
and relay board when the rear engine plate is secured in the rear of the Supermileage vehicle.
Figure 5.3 below shows the above described system in the rear of the Supermileage vehicle.
Figure 5.3: 2015-2016 Supermileage electrical systems, installed in the rear of the vehicle.
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5.4 Testing
After all of the 2015-2016 Supermileage vehicle subsystems were completed, the Supermileage team
took the car out to their Lompoc testing facility for a day of tests. The EFI system performed
flawlessly and with no hiccups - the Yamaha XF50 engine even started up during the first attempt
(a real record for Supermileage engine and electrical teams). No further errors emerged with the
EFI system, and as such no further modifications were performed.
5.5 Competition Results
Cal Poly Supermileage took 3rd place out of more than 40+ teams in the 2016 Shell Eco-marathon
hosted in Detroit, Michigan. Moreover, the achieved fuel mileage of 1215 miles per gallon placed
Cal Poly Supermileage as the top finishing American entrant. Figure 5.4 shows the final results of
the 2016 competition.
Figure 5.4: 2016 Shell Eco-marathon gasoline prototype division results.
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Chapter 6
Future Revision Recommendations
This section documents the recommended changes to the first revision PCB of the EFI system. If
future Supermileage teams desire to revise and re-spin the board, these are small tweaks that may
improvement ease-of-use and long-term (several years) reliability. However, they are not absolutely
necessary as the EFI system worked in the 2015-2016 Supermileage vehicle without failure.
6.1 Shunt Resistor Package
The ignition control shunt resistor’s footprint was over-sized. The resistor lead length allowed for
the part’s secure attachment and soldering, but in a future revision this part footprint should be
revised.
6.2 Additional Space Between DB9 Connectors
The two DB9 connectors, one for CAN and one for RS-232 serial, are too close together. Attaching
cables to each connector at the same time is difficult to accomplish. An increase of gap space of 3
to 4 cm would likely suffice, but actual measurement should occur upon revision.
6.3 Serial DB9 Connector Power
Some Bluetooth components require 5 V power coming out of an RS-232 serial connector. While
this is not part of the DB-9 and RS-232 specification, its a common enough practice to warrant
this change. This way, Supermileage can communicate out the Serial data over their medium of
choice and not have to worry about providing adequate power to the system. Exact wiring pin out
wiring depends on the target application, and thus I will not specify.
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6.4 IGBT Copper Heat Sink
The ignition circuit IGBT comes in a TO-220 package with its collector attached to the metal
tab. The PCB does not have a copper plated heat sink for this tab. While this is not absolutely
necessary, it does help immensely with heat dissipation. If the engine under test ever runs for an
extended period of time, this could cause issues. However, the current load it is under (10 A for
4-5ms at a time) is well under its rated [9] number. The part may never get hot enough to validate
this consideration.
6.5 Connector Silkscreen Labels
For ease-of-use, the two DB-9 connectors should have separate labels - one for CAN and one for
Serial. The user of the system should view the connector label through the acrylic enclosure top
and should easily differentiate between CAN and Serial.
6.6 GND Test Point
Most of the pertinent signal on the PCB have test points, but one noticeable emission is the ground
plane. In the second revision, a GND test point makes electrical debugging much easier and cleaner
(as opposed to soldering a wire to a GND lead somewhere on the board).
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Appendix A
Analysis of Senior Project Design
Project Title: Cal Poly Supermileage Electronic Fuel Injection
Student: Alexander Pink
Advisor: Dr. Art MacCarley
A.1 Summary of Functional Requirements
The Supermileage Electronic Fuel Injection (EFI) project provides the Cal Poly Supermileage
club with an engine control unit interfacing with small single-cylinder, 4-stroke, gasoline powered
engines. In order to accomplish this goal, the EFI system must interface to the following sensors:
• Manifold Absolute Pressure (MAP) sensors, for measuring the air pressure inside an intake
manifold.
• Thermistor temperature sensors, for measuring the temperature of the intake manifold and
engine block.
• Throttle Position Sensors (TPS), for measuring the engine’s throttle control’s current per-
centage of openness.
• Wide-band Exhaust Oxygen (O2) sensors, for measuring the air-to-fuel ratio in the output
exhaust.
• Hall Effect speed sensors, for measuring engine radial position and rotational speed.
• Variable Reluctance (VR) sensors, for measuring engine radial position and rotational speed.
Additionally, the EFI system must control the following actuation devices:
• Inductive ignition coils, for creating a spark event in the engine cylinder.
• High impedance fuel injectors, for delivering a metered amount of gasoline into the intake
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manifold.
The EFI system reads from the sensors listed above, calculates the amount of fuel to inject into
the engine, determines the timing of spark and fuel events, and actuates the spark and fuel events
at appropriate timing intervals. The Supermileage club needs to fine tune this functionality, so the
EFI system must have an interface with editable system parameters. In addition, the EFI system
needs to communicate out its sensor data and calculations, so the Supermileage club can analyze
the data.
A.2 Primary Constraints
The most challenging part of the project consists of getting an engine up and running on the
system. The sheer number of variables the entire system has means numerous issues could arise.
Specifically, the engine integration phase of project involves the most difficultly. At first, an engine
simulator board tests the EFI system on a bench, which provides stimulus mimicking an engine’s
response. Next, the EFI system and an actual engine must interface together. A simulator provides
a gentle, ideal environment - a real mechanical system contains many more complexities than one
implementable with electronics. To overcome difficulties of the engine integration phase, the system
designs must possess a total system understanding. Please see the Customer Needs section and
Requirements & Specifications for a further discussion on the system’s primary constraints.
A.3 Economic Considerations
The EFI system generates direct human capital in the form of engineering students learning how
to build an electronic fuel injection system. The PCB fabrication house makes money during PCB
fabrication, It also provides jobs to their workers. When components, such as the ISL9V5036P F085
N-Channel Ignition Driver [9], are ordered online, the distributor generates financial capital. Some
of this capital flows back to their employees through salaries and job benefits. For both the PCB
fabrication and component ordering, a shipping company makes money by delivering the goods to
us. In this process, fossil fuels burn, which contribute to harming the natural capital of the earth
(by contributing to the greenhouse gas effect).
Financial costs accumulated during each prototyping and PCB stage of the design process. The EFI
system testers order PCBs and components at these intervals. During the manufacturing process
of the PCB, rosin-core lead solder exposed anyone working with them to the hard chemicals it
contains, but they also improved soldering skills and learned more about electronics in the process.
Any wastes generated get disposed of at Cal Poly and the waste company servicing Cal Poly
must properly store these wastes in a landfill or recycle them in a plant. The main benefit to the
humans involved comes during the engine integration process, when the EFI system moves from lab
bench testing and first integrated onto an engine. The most challenging but also most knowledge
improving stage of the EFI project occurs here.
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The total cost of the PCB fabrication, components, and raw materials (with applicable tax and
shipping) estimates at $706.18. Please see the Gantt Chart section for the expected project time-
line and the Cost Estimate for the project’s cost estimation. The Supermileage club pays for all
the required materials and parts. An instructional related activity account provides the predomi-
nant source of funding, so the money originates from California taxpayer money. All residents of
California pay a tiny amount of their income to finance this EFI system.
A.4 Commercial Manufacturing Analysis
The Supermileage club only builds one vehicle per year, so at maximum, the EFI system is built once
a year. The EFI system’s price estimates to $385.00 per unit, which includes PCB manufacturing,
all electronic components, and applicable taxes and shipping. This does not include the labor
costs of manufacturing the system, which estimates at $229.36 per unit (8 hours at $28.67/hr, see
the Cost Estimate section for wage estimation). Thus, the total price amounts to $614.36. If the
Supermileage club sold the EFI system, they could see it at $700.00, for a profit of $85.64 per unit.
The initial fixed costs add up to $44514.18 including prototyping, PCB, enclosure, wiring harness,
and labor expenditures (see Table 2.10). At $85.64 of profit per EFI system sold, the break-even
point occurs at 520 units sold.
A.5 Environmental Considerations
The EFI system controls the flow of gasoline into an internal combustion engine. Thus, this system
contributes to the greenhouse gas buildup in earth’s environment. The beginning of the Industrial
Revolution began the disruption of the carbon cycle, and humans today still predominantly use
fossil fuels as their main energy source [17]. Today’s CO2(and other carbon containing elements)
atmospheric level is the highest ever recorded in human history. The scientific community currently
debates the ramifications of this high carbon concentration in the air [17]. Since this system
increases the greenhouse gas buildup in the environment, the EFI system has to share some of the
blame of the future consequences of the carbon cycle disruption.
However, the Supermileage club’s goal involves maximizing fuel efficiency of their vehicle. As a
result of this goal, the EFI system must minimize the amount of fuel injected into the engine’s
cylinder. Therefore, the EFI system helps contribute to the process of weaning humans off of
dependence of fossil fuels. If the same amount of energy input extracts more useful energy out, less
damaging greenhouse gases emit into the environment.
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A.6 Manufacturability
Manufacturing the EFI system involves printing a custom PCB, soldering all components onto this
board, connecting the PCB to the Microsquirt Module in an aluminum enclosure, and wiring the
system into the Supermileage vehicle. Advance Circuits, one of Cal Poly Supermileage’s corporate
sponsors, fabricates the EFI system PCB. the Supermileage team hand solders all circuit boards
in the Hangar (Bldg. 4). The members of Supermileage exercise caution during this step while
utilizing toxic, 63/47 alloy, lead-based solder. The Supermileage club needs people with machining
experience, since the team hand machines the aluminum enclosure the EFI system rests in. Finally,
wiring the EFI system into the Supermileage vehicle depends each year on the team’s design choices
and eventual layout. The club’s electrical team develops a custom harness every year in order to
ensure compatibility with the Supermileage vehicle’s latest and greatest components.
A.7 Sustainability
The Supermileage club’s goal involves reducing the use of gasoline by more efficiently extracting
the energy it contains. The EFI system controls the delivery of fuel into the engine, and thus the
Supermileage team needs to carefully optimized its fuel injecting algorithms. Since the ultimate
goal involves minimizing gasoline usage, this project promotes the sustainable use of earth’s finite
source of fossil fuels.
The project’s maintainability is a volatile subject. On the one hand, if the Supermileage team
decides to stick with the current implementation for years to come, the custom PCB and wiring
harness constructed during this project could last for years. The PCB components do not exert to
the their absolute maximum ratings. Long-term failure of a component as a result of over-stressing
is an unlikely event. However, if the Supermileage team decides to upgrade various components in
the vehicle, the club has to rebuild the wiring harness and respin the PCB. Thus, these components
are treated as consumables and recycled to make room for the new components and design.
A.8 Ethical Considerations
The main ethical concern of the EFI system project involves the consumption of gasoline, a finite
energy source contributing to the disruption of the carbon cycle when burned. This process affects
all humans. Humanity still does not understand the full extent of ramifications of burning fossil
fuels at this time.
The EFI system has the capability to conserve the amount of fuel consumed by an engine it controls,
but it also has the capability to inject too much fuel and therefore waste potentially extractable
energy. The EFI also affects the amount of greenhouse gases emitted into the atmosphere (since all
gasoline-powered internal combustion engines produce H2O and CO2). Greenhouse gases affect the
climate of the earth due to the greenhouse effect. The main issues associated with the EFI system
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are then how truthfully the EFI system reports its internal tune, and whether or not the system
allows the user to run a ”dirtier” engine tune. Recent internal combustion engine scandals, such
as Volkwagen’s emissions testing defeat software [18], give these ethical issues even more scrutiny
in the public’s eye.
The IEEE code of ethics requires honesty with the EFI system’s level of tuned performance. They
should not make claims about the EFI system’s eco-friendly aspect if the user has optimized the
system for performance. Also, the EFI system should not deceive the user of the system’s tuning
parameters in order to pass a governmental regulation. This directly violates the first and third
IEEE code of ethics. The first code says the system should quickly reveal any environmentally
damaging effects of the system, while the third deals with the honesty of reported facts and figures.
While a more fuel efficient tune releases less greenhouse gases, the system should not demand the
user to run this tune. The user’s freedom ultimately prevails in this scenario. Otherwise, a conflict
of interest arises between user wishes and system capabilities. The user controls the system’s tune
in this conflict of interest scenario. The EFI system assumes the user has an adequate level of
competency in this subject area. In this manner, the EFI system treats people of all interests
equally by the IEEE code of ethics.
From the Golden Rule ethical framework (treat others the way you want to be treated), a system
should not lie about its reported facts and figures. If a product I purchased had falsely represented
its capabilities, I would have purchased a product not meeting my expectations. The same goes for
the EFI system. If the system reports a particular set engine parameters, than it better actually
do what it says. Having a fuel efficient tune on the EFI system benefits everyone the greatest, as it
diminishes emitted greenhouse gases. Having a performance oriented tune is not in everyone’s best
interest, as it causes more greenhouse gases emissions for the same amount of work accomplished.
However, demanding the user to enact a high efficiency tune violates morally of freedom. In the
end, the user has the final decision about the engine tune’s characteristics. This need for freedom
should not get sacrificed for the benefit of greenhouse gas reduction.
In both moral frameworks, deceiving the user about system efficiency is morally incorrect. The
system needs to display accurate information to the user. Moreover, an external source must
validate the EFI system to ensure the accuracy of reported data and statistics. While a more fuel
efficient tune benefits every human by diminishing the amount of greenhouse gases released, the
EFI system should not force the user to have such a tune. The system must inform people informed
if their system is not operating at its highest possible efficiency, so they can make the conscious
decision to either remedy the tune or to neglect it.
A.9 Health & Safety Considerations
Gasoline has toxic and dangerous characteristics. Its fumes ignite and quickly explode upon ex-
posure to enough energy (usually some form of fire). Since the EFI system performs controlled
explosions inside an engine combustion chamber, inherent risk of fire and explosions exists to any
human in the vicinity of operation. Adequate fire protection and fire extinguishing capabilities
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ensure the safety of the EFI system. During any engine integration test, the team members follow
the Cal Poly Hangar (Bldg 4.) safety rules and regulations. Government safety experts experienced
with preventing disastrous events from occurring put these regulations into place. Proper ventila-
tion minimizes gasoline or exhaust fume exposure, providing a healthy respiratory environment for
Supermileage club members and EFI system testers.
A.10 Social & Political Considerations
The most direct stakeholders of the EFI system are the Supermileage club members, who implement
and use the system in their vehicle. Indirectly, this system effects any person on the car who owns a
gasoline powered automobile. The Supermileage club members who work on the EFI system learn
how to optimize for fuel efficiency. Many club members pursue jobs in the automotive industry or
in industries supporting the automotive industry. With some experience in increasing efficiency of
vehicles, the club members can design with efficiency in mind. All of this design culminates into
future vehicles having higher miles per gallon (or kilometers per liter), which means consumers have
to spend less money on gasoline to travel the same distance. Moreover, every consumer contributes
less to greenhouse gas emissions. Every human on earth benefits from this reduction.
In 2012, President Obama mandated the average fuel efficiency of an automotive manufacturer’s
”cars and light trucks” improve to at least 54.5 mpg by the year 2025 [19]. In order to fulfill this
government mandate, automakers must invest into increasing the efficiency of their vehicles. The
EFI system, as used by Supermileage, contributes to this requirement by allowing students to learn
to decrease fuel consumption by building a physically realizable system accomplishing this goal.
A.11 Development
During the development of the EFI system, I design and build a PCB. Since Supermileage has
a sponsorship from Cadsoft for their electronic computer aided design (ECAD) software named
EAGLE, I have learned how EAGLE’s implementation of the ECAD design process. I have also
furthered my hand soldering abilities, since I hand-assembled the PCB components. In the realm
of electrical circuit design, I learned how to design inductive spark-ignition driver circuits. This
involves interfacing power electronics to a microcontroller unit. Also, the need to work with several
different Supermileage team members to integrate the design into the Supermileage vehicle required
the ability to work in a collaborative team environment. Throughout the EFI project, I gained
insight effective strategies for handling this process.
During the development stage of the project, I researched about electronic fuel injection. I learned
how to sift through the massive amounts of information available and select appropriate sources to
synthesize in this paper. Please see the References section at the end of the report for all relevant
references.
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Appendix B
Schematic
See the next page for the schematic.
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PCB Silkscreen
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Appendix D
Bill of Materials
See the next page for the Bill of Materials document.
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